INTRODUCTION
Prestressed tension hydraulic system has been widely used in bridge, railway and road construction fields. According to the results of plenty of detections to the road and bridge in service, the potential safety hazard is mainly caused by the low prestress precision. Traditional tension system consists of the hand-operated servo valve controlled hydraulic system and, the prestress precision is mainly regulated by the operator which finally degrades the construction quality. Some research institutions are thus focused on the realization of the automatic prestressed tension hydraulic system to guarantee the tension quality. Up to now, most automatic hydraulic tension systems in research could be classified as two types: the valve-controlled one [1, 2] and the pump-controlled one [3] . For the aspect of the energy efficiency and requirement about the cleanliness of construction environment and the equipment size, the pump controlled system is of better development prospects than the valve-controlled system. However, in the pump-controlled system, some obvious drawbacks such as the slow response speed and the poor persistence ability on external disturbance also exist which need an appropriate controller to compensate.
Usually, the controller design is based on the hydraulic system model. As many parameters such as the bulk modulus coefficient and the elements' damping coefficient cannot be obtained during the operation process, the deduced model couldn't represent the real system's characteristics well. Therefore, the real system is identified to analyze its property before the controller design. During this process, an appropriate identification algorithm largely determines the model precision. Although modern system identification methods based on common artificial intelligence theories such as the neural network algorithm, genetic algorithm, particle swarm optimization algorithm, differential evolution algorithm have solved some identification problems [4, 5] , drawbacks such as the small sample estimation, high-dimensional optimization problems, algorithm structure selection and so on still cannot be resolved which finally hinder their practical engineering application.
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Keywords: prestressed tension system; hydraulic frequency convertor system; linear programming; support vector regression could avoid these problems through introducing the structural risk minimization inductive principle and the kernel function and has drawn more attention on the practical engineering application. For example, Emad A. El-Sebakhy forecasted the PVT properties of crude oil systems [6] . Olufemi A. Omitaomu predicted the misalignment of the motor shaft [7] . However, as the traditional SVR is resolved by the convex quadratic programming, sometimes its computational efficiency is unsatisfactory especially when there are too many I/O data generated by the high sampling rate. Thus the linear programming problem is imported to the SVR identification algorithm to improve the computational efficiency and to enhance the generalization performance of the identified model [8, 9] . To the best of our knowledge, there are few literatures describing the hydraulic system identification using LP-SVR. So in this paper, the LP-SVR is applied to realize the identification of the designed automatic prestressed tension hydraulic system.
Latter part of this paper is arranged as follows. Section 2 firstly describes the structure of the real prestressed tension hydraulic system and then gives the derivation process of its mathematical model to get the priori knowledge. In section 3, solution procedure of the LP-SVR identification algorithm is deduced. Section 4 analyzes the results after introducing the identification process briefly. Section 5 gives the conclusion of this paper. Figure 1 gives the schematic diagram of the prestressed tension hydraulic system. During the tension process, the prestress force is controlled to follow the desired load curve and the sustained load curve. In operation, exerted force of hydraulic (11) is transmitted to the controller to generate the control voltage. This voltage is then sent to the frequency convertor (3) to adjust the rotate speed of the motor (2) . As the solenoid directional valve (13) locates at the left position during the whole operation time, oil outputting from pump (1) could directly enter into the cylinder which in fact is equivalent to the pump-controlled hydraulic system. Exerted force of this system is regulated by the pump outlet's flowrate which is controlled by the rotate speed of the pump. During the unloading process, electromagnetic ball valve (6) is opened firstly, and then solenoid directional valve (13) is set to the right position to retract the rod of the cylinder.
Mathematical model
In the pump-controlled hydraulic part of the prestressed tension hydraulic system, elements such as hydraulic pump, frequency convertor have strong nonlinear characters which make the tension system a nonlinear one in essence. For convenience of the controller design, this nonlinear system is usually linearized to implement its system identification. Getting the structure information of the system such as model order could reduce the identification workload extremely. Hence, according to the real system's working principle, the mathematical model is induced from both the frequency-motor link and the pump-cylinder link after linearization to determine the structure information. 1) Frequency-motor link Frequency-motor link demonstrates the relationship between the control voltage and motor's rotate speed. After linearization, expression of this link could be given as follows:
Where: The check valve and the electromagnetic directional valve's dynamic performances are neglected in the whole loading and unloading process.
Output flow of the pump could be expressed as the difference between the theoretical output and the leakage. The theoretical output equals the product of pump's displacement and its rotate speed, while the linkage flow could be calculated as the product of the loading pressure and the pump's linkage coefficient. Then the pump's real output could be given as follows
Where:
p D is the displacement of the pump; 1  is the rotate speed of the motor which equals to the pump one; h p represents the load pressure. Flowrate entering into the cylinder is the summation of theory flowrate, leakage flowrate and the additional flowrate caused by the oil's volume change. Here, the theoretical flowrate equals the product of the piston's sectional area and the stretched speed, while the leakage flowrate is the product of the load pressure and the cylinder's leakage coefficient. Then the flow continuity equation of the cylinder could be given as follows: 
Where: F is the exerted force; m is the total mass of both the piston and the load; B is the equivalent damping of both the cylinder and the load; s K is the equivalent elastic coefficient.
From equations (1)- (4), relationship between the control voltage and the exerted force could be given as follows after eliminating the variables of flowrate, pressure and displacement. 
Where: 2 (5), this tension system is a three order one. For the sake of system identification, it's discretized to equation (6) based on the LP-SVR algorithm.
Where  is the coefficient vector,
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x is the input vector consisted by the collected control signal u and the exerted force signal y .
LINEAR PROGRAMMING SUPPORT VECTOR REGRESSION
After linearized the system model to equation (6), the vector pair (x 1 ,y 1 ) is chosen as the input of the LP-SVR to obtain the coefficient vector  .
The model sparsity plays a key role in improving the computational efficiency and alleviating model redundancy. To enhance the sparsity of the model, LP-SVR chooses the l-norm of the coefficient vector  to serve as the regularized matrix to reduce the model complexity and the structure risk.
 -insensitive loss function is determined as equation (7):
Optimization problem of the LP-SVR could be described as follows:
Where: C makes the tradeoff between the model sparsity and the identification precision.
After introducing the slack variables
. To strengthen the input data's flexibility and the LP-SVR's robustness, optimization problem (8) could be transformed into the following constrained optimization problem:
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Where
there are only one pair of i   and i   to fulfill equation (10) . After introducing these two parameters, optimization problem (9) could be re-deduced to equation (11):
Define the vector:
, , ,
Then the above optimization problem could be boiled down to the following linear programming problem:
Where: (10) .
The exerted force' estimated expression could finally be given as follows: 
IDENTIFICATION OF THE PRESTRESSED TENSION HYDRAULIC SYSTEM
According to the system identification procedure, a short time step signal with amplitude of 10V and duration of 2s which satisfies the persistent excitation condition and, the optimal input signal condition is determined to motivate the prestressed tension hydraulic system to acquire the I/O data. After filtration and removing mean, the input vector pair 11 ( , ) y x of the LP-SVR is constructed as seen in section 3. Aiming to improve the identification accuracy and reducing the identification workload, the regularization parameter C and the insensitive function  is optimized with values of 0.6472 and 0.0034 according to literature [10] . For the convenience of the controller design, the identified regression model shown as equation (15) Figure 2 shows the comparison diagram of both the identified model's predictive output and the real systems response while Figure 3 demonstrates the identification error. From Figure 2 , it can be observed that the predictive output of the identified model could approximate the real response well. In addition, as seen in Figure 2 , the predictive error of the identified model is no more than 2%. Furthermore, to test the identified model's generalization performance, the step signal and the ramp signal is randomly determined to motivate the system where the amplitude of both these two signal is 6V and the ramp signal 's action time is 6.8s. Figure 4 shows the output comparison curve of both the identified model and the real system to the step input. As the figure shows, the identified model's prediction curve could approach the real response curve well which means a good ability to depicts the real system's step response characteristics. Figure 5 gives the ramp response curve of both the identified model and the real system. As can be seen, the prediction curve could basically agree with the real response curve although small deviation exists at the start stage and at the end. As models of the elements in the prestressed tension hydraulic system are linearized during the identified model structure's construction process, their high order dynamic characteristics are all neglected which finally result in the model-deviation mentioned above. This model-deviation could be usually eliminated through designing an appropriate controller, especially a robust one.
In conclusion, the identified model gained from the LP-SVR algorithm could represent the characteristics of the real system well, which provides great convenience for the controller design.
CONCLUSION
Aiming to diminish the great deviation between the prestressed tension hydraulic system and its deduced mathematical model, the linear programming support vector regression method is introduced to conduct the model identification. Results demonstrate that the identified model got from the LP-SVR would well represent the real system which could simplify both the controller design process and its structure.
